Background: It is unknown whether the bronchodilation and anti-inflammatory effects of inhaled salmeterol and fluticasone (SF) are better than those of traditionally inhaled ipratropium, terbutaline and budesonide (ITB) in mechanically ventilated patients with chronic obstructive pulmonary disease (COPD).
P atients with chronic obstructive pulmonary disease (COPD) may have symptoms and signs of exacerbation. An exacerbation of COPD is defined as an event in the natural course of the disease characterized by a change in the patient's baseline dyspnea, cough or sputum that is beyond normal variations.
(1) Systemic corticosteroids combined with inhaled β2 agonists and anticholinergics are beneficial in the management of COPD exacerbation. (2) The impact of exacerbation is significant and symptoms and lung function may take several weeks to recover to baseline values. (3) Intravenous methylprednisolone with inhaled ipratropium and terbutaline is currently widely accepted in treating ventilated COPD patients with acute exacerbations. After a patient's condition has become relatively stable with no wheezing, and little sputum production, systemic corticosteroids are changed to inhaled corticosteroids (ICS) for maintenance treatment and weaning from the ventilator. A high dose of systemic corticosteroids has wellknown side effects. After stabilization of a patient with COPD stage III or IV following an exacerbation, regular treatment with ICS and long-acting inhaled bronchodilators is suggested. (2, (4) (5) (6) The pathophysiology of respiratory failure in patients with COPD is associated with many factors. The most important factor is increased airway resistance due to airway infection, with resulting dynamic hyperinflation and increased intrinsic positive end expiratory pressure (PEEP). Some parameters, such as the minute ventilation (MV), vital capacity, negative inspiratory force, and rapid shallow index (RSI), can provide important information about the potential for discontinuing ventilator support. (7) The most frequently used parameter is the RSI because it provides 4.67 of a positive likelihood ratio to predict successful ventilator discontinuation with 105/L of a threshold value. (8) It is suggested that a spontaneous breathing trial (SBT) be performed in patients with respiratory failure who have a high ventilator discontinuation potential.
One target in weaning is to reduce the ventilator setting to a PEEP ≤ 5 cmH 2 O. (9) It has been reported that inhaled fluticasone propionate reduces airway resistance in ventilator-dependent patients with COPD. (10) It is unclear whether ICS combined with a long-acting β2-agonist (LABA) via a metered-dose inhaler (MDI) can decrease intrinsic PEEP (PEEPi) in patients using ventilators by reducing airway resistance.
Plasma interleukin (IL)-6 levels in COPD patients have been shown to decrease after recovery from exacerbations or after 7 days of treatment. (11, 12) Plasma transforming growth factor-beta1 (TGF-β1) levels have been shown to be inversely correlated with the forced expiratory voume in 1 second (FEV1) (% predicted) and forced vital capacity (FVC) (% predicted) in COPD patients. (13) Greatly increased numbers of macrophages are seen in the airways and lungs of COPD patients compared with healthy people. Activated macrophages produce IL-12. In COPD patients, circulating CD4 T cells produce IL-10 less frequently than in healthy subjects. (14) The biomarkers in COPD seem to have been investigated less extensively than the markers in asthma. Whether ICS can reduce systemic inflammatory biomarkers is unclear, (15) so testing old and new biomarkers should be attempted in COPD patients.
In clinical practice, physicians have two choices of therapy in mechanically ventilated COPD patients. One is nebulized budesonide, ipratropium and terbutaline. The other is inhaled fluticasone and salmeterol. It is unknown which therapy is better. Thus, we designed a prospective randomized study to evaluate the 7-day effects of combined salmeterol and fluticasone treatment (SF group) given by MDI compared with combined nebulized ipratropium, terbutaline and budesonide treatment (ITB group) in patients with COPD using ventilators. The purpose of this study was to find the better inhalation therapy by comparing the weaning rate, respiratory parameters and systemic biomarkers in these 2 groups.
METHODS

Participants
Stable intubated COPD patients admitted to our medical intensive care unit (ICU) because of acute exacerbation and respiratory failure with ventilator use (pressure support mode) and a PEEP ≥ 8 cmH 2 O were continuously enrolled from July 2007 to June 2009. Clinical stability was defined by the following criteria: (1) absence of hyperthermia or hypothermia; (2) stable hemodynamics (mean arterial blood pressure between 90 and 65 mmHg); (3) a conscious and cooperative state; and (4) no use of respiratory depressant medication. Patients were excluded if they had pneumonia, a tracheostomy, cancer, uncontrolled arrhythmia, trauma, use of systemic steroids or a history of upper abdominal surgery. Clinical characteristics were recorded, including the Acute Physiology and Chronic Health Evaluation (APACHE) II score, gender, age, and days of ventilator use. Informed consent was given by each patient or their family. All participants were monitored for 30 days. This study was approved by our institutional review board (95-1207B).
Treatment protocol
All patients were treated with intravenous methylprednisolone 40 mg every 12 h and nebulized ipratropium 0.5 mg / terbutaline 5 mg tid beginning with admission to the medical ICU. After patients had no wheezing for 2 days, they were then randomly divided into the SF and ITB groups without use of intravenous methyprednisolone. We waited for 2 days to confirm there was no active brochoconstriction. Treatment in the SF group was changed to salmeterol 25 µg / fluticasone 250 µg (GlaxoSmith) 2 puffs bid which were administered with an MDI adapted to the inspiratory limb of the ventilator circuit using an Aerovent spacer (Monaghan Medical Corporation, NY, U.S.A.). Treatment in the ITB group was changed to nebulized ipratropium 0.5 mg tid, terbutaline 5 mg tid, and budesonide 1 mg bid. The day the patients were prescribed either of the two inhalation therapies was set as day 1.
Weaning guide
Weaning was performed according to the general weaning guidelines of our department of respiratory therapy. (16) Briefly, respiratory therapists screened for the following weaning criteria daily:
1. Mean blood pressure greater than 65 mmHg 2. Heart rate less than 140 beats per minute 3. SpO 2 greater than 92% 4. PEEP less than 8 cmH 2 O 5. FiO 2 less than 35% 6. Pressure-support mode ventilation with pressure less than 10 cmH 2 O Patients meeting the criteria entered a 2-h SBT. The SBT was stopped for the following reasons:
1. Respiratory rate greater than 35 breaths/min for more than 5 min 2. Saturation of less than 90% for more than 30 s despite 50% FiO 2 with O 2 supplementation 3. A 20% decrease or increase in heart rate for more than 5 min 4. Persistent systolic blood pressure over 180 or less than 90 mmHg on repeated measurements 5. Diaphoresis or paradoxical movement of the abdomen for 5 min If patients passed the SBT successfully, extubation was performed. Successful weaning was defined as no requirement for reintubation or non-invasive positive pressure ventilation.
Measurements of respiratory parameters
Respiratory parameters including static PEEPi, airway resistance, MV, and RSI were measured daily at 12:00 noon for 7 days before an attempt at spontaneous breathing. Static PEEPi and airway resistance were measured by an Evita ® 2 dura ventilator (Draeger Medical, Inc., Lubeck, Germany).
Measurement of plasma cytokine levels
Plasma was obtained from 2 ml of whole blood after centrifugation at 12:00 noon on day 1 and day 7 before the medication was inhaled. Samples were stored at -80°C until use. Plasma levels of IL-6 and TGF-β1 were measured using human enzyme-linked immunosorbent assay (ELISA) kits (R & D Systems, Minnesota, U.S.A.). Plasma levels of IL-10 were measured using an ELISA kit (Pierce Biotechnology, Illinois, U.S.A.). Plasma levels of IL-12 were measured using an IL-12p40 ELISA kit (Becton Dickinson, CA, U.S.A.).
Statistical analysis
Statistical analyses were done using the Statistical Package for the Social Sciences (SPSS) software V17.0.0 for Windows (IBM, Corp., New York, U.S.A.). Continuous variables are represented as means standard deviation. Categorical variables were compared using the chi-Square test. The Mann-Whitney test was employed to compare differences in continuous variables and changes in the cytokine levels after 6 days between the SF and ITB groups. The Wilcoxon signed-ranks test was used to compare the differences in plasma cytokine levels between day 1 and day 7. The differences in sequential data of respiratory parameters between the SF and ITB groups were compared by generalized estimating equations which account for correlation within subjects. (17) The dependent variables were respiratory parameters and the predictor was the patient group. A p value less than 0.05 was considered statistically significant.
RESULTS
Nineteen patients were enrolled in this study. There were no differences in age, sex, APACHE II score, height, and body weight on day 1 between the two groups (Table) . There were no significant differences in the MV, PEEPi, airway resistance, or RSI between the ITB and SF groups from day 1 to day 7 (Fig. 1) . The 7-day kinetic curve of the RSI in the SF group was significantly lower than that in the ITB group (p = 0.022). The kinetic curves of the MV, PEEPi, and airway resistance did not differ between the ITB and SF groups. There were no differences in plasma IL-6, IL-10, IL-12, and TGF-beta1 levels between day 1 and day 7 in the ITB and SF groups (Fig. 2) . The changes in plasma IL-6, IL-10, IL-12, and TGF-beta1 levels after 7 days did not differ between the ITB and SF groups.
DISCUSSION
This study is the first to show that the respiratory parameters of ventilated COPD patients in the first 7 days of treatment with inhaled salmeterol/fluticasone are similar to those using conventional nebulized ipratropium/terbutaline/budesonide treatment. This suggests that salmeterol/fluticasone and ipratropium/terbutaline/budesonide provide parallel bronchodilatory effects in the airways of ventilated COPD patients. However, the kinetic curve of the RSI in patients treated with inhaled salmeterol/fluticasone was lower than that in patients with conventional nebulized ipratropium/terbutaline/budesonide. This means that patients treated by inhaled salmeterol/fluticasone could attempt a SBT earlier then those receiving ITB.
Few studies have reported on the respiratory parameters in intubated ventilated patients with COPD. Nava et al. found that inhaled fluticasone via MDI reduced PEEPi and airway resistance in ventilator-dependent COPD patients after 6 days of treatment. (10) FEV1 changes significantly underestimated the bronchodilator response compared with changes in airway resistance. In our study, the mean airway resistance was decreased on day 3 compared with that on day 1. However, statistical significance was not achieved, even though a LABA was prescribed at the same time (data not shown). The possible cause was the dose of inhaled fluticasone. A daily dose of 2000 µg fluticasone was used in Nava's study compared with 1000 µg fluticasone in our study. The findings suggest that 2000 µg might be a better dose for fluticasone in ventilator-dependent COPD patients.
After 6 days of treatment, plasma IL-6, IL-10, IL-12 and TGF-beta1 levels had not changed in either group. This suggests that inhaled fluticasone or budesonide could not inhibit systemic inflammation or promote systemic anti-inflammation in a such short period. Importantly, changes in plasma IL-6, IL-10, IL-12 and TGF-beta1 levels after 7 days of treatment did not differ between the SF and ITB groups. These findings indicate that the effects on systemic biomarkers of inhaled fluticasone 1 mg daily via MDI and 2 mg budesonide via a nebulizer were equal.
Drugs must be transformed to aerosols for delivery to the airway. There are two methods to do this. One is to nebulize a liquid drug to an aerosol, the other is to deliver a dry powder by an MDI. In clinical practice, most patients using ventilators receive inhaled medication via small-volume aerosol delivery systems (nebulizer). However, a large number of clinical trials have shown that condensation in the ventilator circuit can be contaminated by a patient's secretions. The American Thoracic Society recommends that condensation be prevented from entering either the endotracheal tube or inline medication neubulizers. (18) Nebulizers are more time-consuming to use than MDIs and require equipment maintenance and cleaning for infection control. (19) Using an MDI with a spacer is an efficient method for delivering inhaled drugs to the lungs of mechanically venti- 
Fig. 1
There were no significant differences in the minute ventilation (A), intrinsic positive end-expiratory pressure (PEEPi) (B), airway resistance (C), and rapid shallow index (RSI) (D) between the ipratropium/terbutaline/budesonide (ITB) (circles) and salmeterol/fluticasone (SF) (triangles) groups from day 1 to day 7. Error bars show mean 1.0 standard error of the mean. The 7-day kinetic curve of the RSI in the SF group was significantly lower than that in the ITB group (p = 0.022). The 7-day kinetic curves of the MV, PEEPi, and airway resistance did not differ between the ITB and SF groups. (20, 21) In contrast, the performance efficiency of a jet nebulizer is highly variable and depends on many factors (e.g., driving gas flow and fluid volume). (22) At present, the consensus is that a combination of an MDI and a spacer is more efficient than a jet nebulizer for aerosol delivery to the lungs of intubated ventilated patients. (23) In this study, both a jet nebulizer and MDI with a spacer achieved comparable pulmonary parameters, because the drug dose in the nebulizer was much higher than that administered from the MDI with a spacer.
In this study, comparison of the total cost of care between the SF and ITB groups was difficult. However, the daily drug costs in the SF group were 66.1 New Taiwan dollars (NT$), lower than the ITB group at 239.7 NT$. A prospective, randomized, double-blinded, placebo-controlled trial found that total costs for acute asthma adult patients in the emergency department were lower in an MDI group than a nebulizer group. (24) Thus, an MDI with a spacer may be a more economical alternative to nebulizer delivery.
This study was carried out for 2 years because of the strict inclusion and exclusion criteria. There are few pure intubated COPD patients without pneumonia. Intubated COPD patients with pneumonia were not enrolled because pneumonia influences respiratory parameters and plasma cytokine levels, compared with inhaled bronchodilator and corticosteroid. There were 4 limitations to this study. First, the respiratory parameters were not determined before delivery of the inhaled medication. The respiratory parameters were checked after 3 hrs of ICS and inhaled bronchodilators because the effect of salmeterol reaches peak level after 3 hrs of inhalation. (25) Second, the respiratory parameters and cytokine levels were not determined during COPD acute exacerbation, mainly because of ethical concerns. The concept of administering ICS to COPD patients with an acute exacerbation is not widely accepted by pulmonary physicians. Patients could not be allowed not to use systemic steroids during a COPD acute exacerbation for this clinical study. Third, FEV1 and FVC data were unavailable because they can cannot be measured in intubated patients. Fourth, the sample size in the two groups was small. Bias might have occurred in the statistical analysis.
In conclusion, patients with inhaled SF treatment had a lower RSI than those with ITB treatment.
In stable intubated COPD patients on ventilator support, the effects on respiratory parameters and systemic biomarkers with inhaled salmeterol and fluticasone via an MDI with a spacer were similar to those of inhaled nebulized ipratropium, terbutaline and budesonide in this preliminary study. Based on our results, salmeterol and fluticasone given by an MDI with a spacer might be the choice of inhalation treatment when an intubated ventilator patient needs ICS treatment and inhaled bronchodilators.
